Abstract. multiple sclerosis (mS) is an autoimmune disease characterized by areas of inflammation, demyelination and axonal damage. the etiology of mS is multifactorial with an interaction between genetic, environmental and geographical factors. the objective of this study was to review the physiopathology and the genetic polymorphisms associated with the development and clinical course of mS. Studies carried out in populations worldwide showed that polymorphisms in the genes of the major histocompatibility complex (mHc) class ii and class iii have been associated with susceptibility, resistance and clinical forms of mS. considerable attention has been focused on studies evaluating disease-modifying effects in MS that identified seven genes of probable importance such as the Hla class ii, apoe, il-1ra, il-1β, tnf-α, tnf-β and ccr5 genes. However, the results described in the literature about genetic biomarkers in mS are not consistent in the worldwide population. the detection of a single nucleotide polymorphism involved in the etiology and physiopathology of MS is very difficult and, it is likely that, several genetic polymorphisms are involved, each with a small contribution to the susceptibility or resistance to mS. taken together the results show the need for continued research in genetically heterogeneous populations to identify new biomarkers associated with mS that could be used as prognostic markers or as therapeutic targets to modulate the autoimmune response in mS patients. this information may contribute to a better understanding of the physiopathology and treatment of mS, with the possibility of developing different therapeutic strategies according to the genetic profile of each individual.
Introduction
multiple sclerosis (mS) is a chronic disorder of the central nervous system (cnS) characterized by an autoimmune response directed against myelin proteins and other unidentified antigens, resulting in demyelination and dense astrogliosis in the white substance of the cnS. clinically, mS is characterized by episodes of focal disorders of the optic nerves, trunk, periventricular region, spinal cord and cerebellum, with remission of a variable magnitude and relapse in a period of many years. the clinical manifestations are vague, being determined by the location and extent of the demyelination (1) (2) (3) .
Several clinical forms of MS have been identified, such as the relapsing-remitting (rr-mS), the secondary progressive (SP-mS), the primary progressive (PP-mS) and the benign forms (4) (5) (6) . approximately 80% of the patients will initially present the rr-mS form, in which there are unpredictable attacks (remission), appearance of new symptoms or increased severity existing symptoms. SP-mS is characterized by progression that is not relapse-related. PP-mS affects around 10-15% of all mS patients and is characterized by a lack of distinct attacks, but with slow onset and then steadily worsening symptoms. There is an accumulation of deficits and disability, which may level off at some point or continue over the years. the diagnosis of a benign form mS is retrospective when the accumulated disability from rr-mS is either mild or non-existent after a long period (usually considered to be 15-20 years) (7) .
rr-mS and SP-mS may together be considered as aboutonset disease, as ultimately the majority of patients with rr-mS develop a secondary progressive course (8) . However, the interval between the onset of the disease and the beginning of the secondary progressive course may be influenced by genetic factors. Genetic markers predicting this interval could be pertinent to decisions about early institution of long-term immune modulation therapy protocols.
in addition to the broad clinical spectrum of the mS, there is also heterogeneity in the morphological alterations of the brain identified by magnetic resonance imaging (MRI) or by histopathological evaluation, as well as in the clinical presentation, e.g. in the response to therapy and in which cnS system and areas are primarily affected (9) (10) (11) . the 2005 revisions to the mcdonald diagnostic criteria for mS, with the use of imaging and cerebrospinal fluid (CSF) findings, introduced important changes, simplifying and speeding diagnosis, while maintaining adequate sensitivity and specificity (5, 7, 12) . MS severity can be evaluated by assessing the levels of inflammatory biomarkers and of demyelination observed in mri with gadolinium-enhancing imaging, and by the expanded disability Status Scale of Kurtzke (edSS). a positive mri gadolinium-enhancement indicates an ongoing inflammation and activity of the mS process, whereas a gadolinium-negative imaging should be considered as a sign of stabilization of the mS process (13) .
the age of onset has a unimodal distribution with a peak between 20 and 30 years and the symptoms are rarely initiated before 10 or after 60 years. the mS incidence is ~2 or 3-fold higher in women than men and in patients with late onset, the rate seems to equalize (1, (14) (15) (16) (17) . epidemiological studies suggest that mS etiology is multifactorial with a complex interaction between environmental factors, such as infectious agents, and genetic factors (14) . autoimmune mechanisms and viral infections may also have a pathogenic role in mS (1, 2, 7) . Evidence is mounting that genetic variation influences not only the susceptibility to mS, but also the clinical course and severity (18) . correlation studies of the racial differences in the prevalence rates of worldwide mS, reveals that the caucasian population appears to have a high risk whereas the asian population similarly to Blacks have a lower risk. epidemiologic studies suggest that mS susceptibility is hereditary and the risk for developing the disease is 15-fold higher when mS is present in a first-degree relative. Studies with families and twins provide good support for the genetic susceptibility. in high prevalence areas, the risk of developing mS is 0.00125% in the general population. Siblings of patients with mS have a risk of ~2.6%, parents have a risk of 1.8% and sons have a risk of ~1.5%. overall, about 15% of the patients with mS have an affected relative. Study data with twins indicate a concordance of 25% in monozygotic twins and only 2.4% in dizygotic twins with the same gender (1, 7, 16) .
as a complex disease, mS susceptibility is probably conferred to multiple genes. data from family lineages with more than one affected member are consistent with the hypothesis that multiple non-correlated genes are associated with susceptibility to mS. the major histocompatibility complex (mHc), located on the short arm of human chromosome 6, is considered as a genetic determinant in mS. at the mHc region, the human leukocyte antigen (Hla) genes encode important molecules involved in the immune response. of the three classes of Hla genes, the strongest mS association occurs with class ii alleles (1, 7, 16) . Several genetic polymorphisms previously described in different populations worlwide have been associated with the susceptibility, resistance and outcome of mS. However, contradictory results are reported in the literature when a genetically different population is evaluated. the aim of this study was to conduct a review on polymorphisms in genes that encode molecules involved in the physiopathology, the development and the heterogeneity of the clinical course of mS in the worldwide population.
Study design
information was selected and obtained from virtual database such as medline and Pubmed, including references, abstracts and full text of journal articles in Portugese and english, published between 1972 and 2011. Keywords and descriptors of health were used in association with mS, genetic polymorphism, tumor necrosis factor, lymphotoxin-α, Hla alleles and mHc genes.
The physiopathology of MS
mS is considered to be an autoimmune disorder mediated by activated cd4 + t helper lymphocytes that recognize the major autoantigens, such as the myelin basic protein (mBP), proteolipidic protein (PlP), myelin oligodendrocytic protein (moG) and the myelin-associated glycoprotein (maG). a disproportional number of activated cd4 + t cells was found in mS lesions and it is not clear whether these cells play a primary role in the initial events and lead to the destruction of myelin or if they trigger the events that occur inside or outside of the cnS (14) . the activation of autoreactive cd4 + t cells and their differentiation into a th1 phenotype is an important event in the initial stages of the disease, and these cells are probably also important players in the long-term evolution of the disease. However, the damage of the target tissue, the cnS, is most likely mediated by other components of the immune system, such as antibodies, complement components, cd8 + t cells, and factors produced by innate immune cells. Perturbations in immunomodulatory networks that include, mainly, th2 cells, regulatory cd4 + t cells, natural killer (nK) cells may in part be responsible for the relapsing-remitting or chronic progressive nature of the mS (14) .
Myelin-specific CD4 + t cells are thought to initiate and, in cooperation with B cells, perpetuate the immune processes of the disease. Both elimination of t cells and damage to the cnS by immune cells are central pathogenic mechanisms of mS. it seems likely that apoptosis plays a central role in both of these processes (19) . While elimination of t cells by apoptosis is a physiological control mechanism, tissue damage in the cnS is a physiopathological feature. tumor necrosis factor (tnf)-α, cd95 (apo-1/fas) ligand, and other ligands, such as the tnf-related apoptosis inducing ligand (trail or apo-2 ligand) interact with their respective receptors to induce apoptotic cell death. Similar to the cd95 ligand (cd95l) and tnf-α, surface bound and soluble trail were shown to rapidly induce apoptosis in susceptible tumor cells upon trimerization of its receptors and subsequent activation of the caspases cascade, leading to fragmentation of dna (20) . trail is able to induce massive neuronal cell destruction in the human brain (21) . Since trail receptors, but not the ligand, are expressed in the normal human brain and human antigen-specific T cells upon activation up-regulate TRAIL, this system is expected to have a role in neuroinflammation. Blockade of trail expressed in cd4 + myelin-specific t cells reduces caspase-dependent neuronal cell death and markedly ameliorates clinical severity in experimental autoimmune encephalomyelitis, an animal model for mS (22) . mS demyelination leads to an axonal block. Some cytokines may play a role in the conduction block, particularly the pro-inf lammatory cytokines tnf-α, and tnf-β, and interferon-γ (ifn-γ). cytokines have indirect effects on neural function and direct effects on ion channels, but clear and direct effects on axonal conduction have been difficult to detect. on the other hand, tnf-α and ifn-γ are potent in stimulating the formation of the inducible form of the nitric oxide synthase (inoS) enzyme and it can produce nitric oxide (no) sustained and in high concentration. theoretically, inflammation also contributes to neurological deficits by modifying the properties of glial cells, particularly, astrocytes and microglia (23, 24) . the biological activities of chemokines are mediated by interactions with their corresponding chemokine receptors and they are involved in the pathogenesis of immune-mediated inflammation of the cnS, both in controlling leukocyte migration across brain endothelium and in the activation and movement of cells within the brain parenchyma. during a variety of inflammatory and degenerative conditions, glial cells within the cnS have the capacity to express chemokines, such as ccl2 (previously named monocyte chemoattractant protein-1 or mcP-1), ccl3 (previously named macrophage inflammatory protein-1α, miP-1α), ccl4 (previously named miP-1β), and ccl5 (previously named regulated upon activation protein normally t-cell expressed and secreted, ranteS). Glial cells also express the cc chemokines receptors (ccr) such as ccr2, ccr4, ccr5 and cXc receptors (cXcr). the preferential expression of ccr5 and cXcr3 occurs in cd4 + th1 cells, and the expression of ccr3 and ccr4 in cd4 + Th2 cells. The profile of chemokine receptors on CD4 + th1 may, in part, explain the selective recruitment of the t cell subpopulation to the sites of inflammation, including the predominance of cd4 + th1 cells, expressing ccr5 and cXcr3 in mS lesions. By contrast, ccr2 is up-regulated in activated t cells, and is also present in mononuclear phagocytes (25) . different pairs of chemokine receptors and their ligands seem to play a pathogenic role in mS, such as the receptor cXcr3 and its ligands cXcl9 and cXcl10; ccr1 and ccl3, ccl4 and ccl5; ccr2 and ccl2; ccr5 and ccl3, ccl4 and ccl5. interfering with the chemokine system may be an effective therapeutic approach in mS (26) .
four patterns of demyelination have been described in early active mS lesions suggesting that discrete pathways may lead to the common endpoint of myelin injury in mS (11) . all four patterns share the infiltration of macrophages and T-cells. the most common patterns, types i and ii, are characterized by sharp lesion borders that surround blood vessels, oligodendrocyte survival and remyelination, and suggest a primary inflammation mechanism of myelin injury. Pattern ii is distinguished from pattern i by immunoglobulin deposition and complement activation in regions of active myelin destruction. Patterns i and ii resemble autoimmune experimental models of mS and suggest myelin as the target of injury. in contrast, patterns iii and iV show very little remyelination due to depletion of oligodendrocytes. Pattern iii is further distinguished by preferential loss of maG, apoptotic oligodendrocytes, and features consisting of a distal, dying-back oligodendrogliopathy with degeneration of the inner glial loop. Pattern iV lesions demonstrate degeneration of oligodendrocytes in the periplaque white matter preceding demyelination. these patterns resemble toxic, viral and/or ischemic models of mS, and suggest that oligodendrocytes may be the targets of injury (27) .
all four patterns co-express ccr1 and ccr5. in pattern ii lesions, the number of ccr1-expressing cells is decreased, while the number of ccr5-expressing cells is increased in late active vs. active regions. in contrast, ccr1 + and ccr5 + t cells were equal in all regions of pattern iii lesions. these suggest distinct inflammatory microenvironments in pattern II and iii lesions and support mS pathological heterogeneity and that ccr5 expression could modulate patterns i and ii but not patterns iii and iV pathology (27) .
A significant increase in surface expression of CCR5 in cd4 + , cd8 + , cd19
+ and cd14 + cells as well as an increased percentage of cXcr3 and cXcr4 in cd14 + cells was found in mS patients compared to controls. increased levels of cXcl10 (iP-10) and ccl5 (ranteS) in cSf were also observed in a subgroup of mS patients. these results support that chemokines and their receptors are involved in the pathogenesis of mS (28, 29) . a role for the cXcl12 (previously named stromal cell derived factor 1 or Sdf1-α) in the pathogenesis of mS was also evaluated (30) . this chemokine is constitutively expressed at low levels in the cnS and is essential in cnS development. it is also chemoattractant for resting and activated t cells, as well as monocytes. immunohistochemical analysis of chronic active and chronic silent mS lesions was performed to evaluate cXcl12 expression. in active mS lesions, cXcl12 levels were high on astrocytes throughout lesion areas and on some monocytes/macrophages within vessels and perivascular cuffs, with low staining in endothelial cells. in silent mS lesions, cXcl12 stainning was lower than that observed in active mS lesions, and was also detected in endothelial cells and astrocytes, particularly hypertrophic astrocytes near the lesion edge. the endothelial cells expressed cXcr4, the receptor for cXcl12, suggesting that this chemokine may activate endothelial cells to produce other mediators involved in mS and may initiate and increase the inflammatory response during MS.
Due to the importance of inflammatory cells inside and around of mS plaques and the immune mechanisms that affect myelin distribution, these factors have been largely studied. in the allergic encephalomyelitis, an experimental model of mS, the inflammation and demyelination are seen after animal immunization with myelin, myelin protein and other peptides 
Genetic polymorphisms and MS in the worldwide population
Cytokines and their receptor genes. Polymorphisms in genes that code cytokine and their receptors have been associated with the susceptibility or resistance to various infectious or autoimmune diseases, and to clinical disease variables, including mS. However, there is still no definitive evidence of such association (32) .
Interleukin-1β (IL-1β) and IL-1 receptor antagonist (IL-1RA)
genes. il-1β and il-1ra genes, which exert opposing functions in the immune system and which are in linkage disequilibrium over an extraordinary distance of 360 kb (33), have been studied as disease modifying candidate genes in mS. association of a single nucleotide polymorphism (SnP) in exon 5 (e5) of il-1β with disease severity has been demonstrated in two studies utilizing different methods to correct for disease duration by assessing time-dependent disability (33,34). in both of these studies, allele 2 of the il-1β e5, which is associated with higher expression of il-1β, is found to be independently associated with a favorable prognosis in mS. Studies on another SnP in the promoter region of the il-1β gene (-511), have yielded conflicting results (35, 36) . a variable number of an 85-base pair tandem repeat (Vntr) in intron-4 of the il-1ra gene has also been studied. the presence of allele 2 has been associated with higher expression of the protein and was found to be an independent and favorable prognostic factor in four studies (27) . However, other studies did not confirm this result (33,34). The lack of association in these latter studies could be due to the fact that the population in these studies is ethnically distinct from that in the other studies. it may also be due the differences in the outcome analysis. larger-scale studies and formal metaanalysis are needed to confirm the disease modifying effects observed for il-1β and il-1ra polymorphisms (27) .
Interleukin-10 (IL-10) gene. IL-10 is an anti-inflammatory cytokine which may modulate disease expression in mS. the dimorphic functional polymorphisms within the il-10 promoter region at positions -1082, -819 and -519 has been previously investigated for their possible influence on the susceptibility and outcome of MS. Specifically, a polymorphism at the IL-10 promoter gene located at position -1082 results in two alleles, named -1082a and -1082G, that have been associated with low and high in vitro il-10 production, respectively. When evaluated in healthy individuals compared to mS patients from a population with different genetic background and severity of disease, the results were contradictory. Several studies do not show any association with mS, nor with the progression related to patients' disability (37) (38) (39) . the same polymorphism was evaluated in mS patients and healthy subjects from Finland in order to investigate the influence on the susceptibility and outcome of mS. although the a→G substitution at position -1082 on the il-10 gene proved to be protective against mS in all patients (or, 0.32), the effect increased over the years (10 years, or, 0.33; 15 years, or, 0.21; 20 years, or, 0.14) demonstrating that it is not associated with mS susceptibility. the authors suggest that differential production of il-10 might be a factor in the severity of mS (40) .
il-10 expression is related to the polymorphisms -1082 (G→a), -819 (t→c) and -592 (a→c) in the promoter region of the il-10 gene, which constitute three haplotypes, Gcc, ata and acc. the ata (a non-Gcc) haplotype, which is associated with low il-10 expression, was analyzed to determine whether it could influence the initial interferon (IFN) treatment response in RR-MS patients from Norway. During the first six months of treatment, mS patients with non-Gcc haplotypes experienced fewer new mri t1-contrast enhancing lesions than patients with the Gcc haplotype. However, no differences were detected in the clinical disease activity suggesting an influence of the IL-10 promoter polymorphism on the IFN treatment response in mS (41) .
Interleukin 2 (IL-2) and the IL-2 receptor (IL-2R) genes. il-2 and il-2r signaling promotes proliferation and survival of activated cd4
+ t cells and has an essential non-redundant role in the production of regulatory t cells (treg). a recent transversal study and meta-analysis of il-2 and the il-2r antagonist (il-2ra) were evaluated in an mS patient from Madrid (Spain) and the results confirmed the association of polymorphisms in the il-2ra gene with susceptibility in this mS population (42) .
TNF-a, TNF-β and the TNF receptor genes.
Both tnf-α and tnf-β (also named linfotoxin-α or lta) genes are located on the Hla class iii region. Studies of the tnf region are of particular interest because tnf-α and tnf-β are tandemly located within the Hla complex, suggesting that these genes may be in linkage disequilibrium with the Hla-dr loci that are associated with mS (27) . Previous allelic association studies in northern ireland using microsatellite markers (a, b, c and d) localized within a 20-kb region around the tnf genes have shown significantly different allele distributions of the TNFa and b markers betwen mS patients and controls (43) .
tnf-α is a pluripotent pro-inflammatory cytokine secreted mainly by macrophages and cd4 + th1 cells. tnf-α modulates the immune response by induction of mHc class ii antigens, adhesion molecule expression and dysfunction of the bloodbrain barrier. The first step in the induction of many of the biological effects elicited by tnf-α is its binding to cell surface receptors. tnf receptors (tnfr) have been detected in a variety of normal tissues and cell lines either sensitive or resistant to tnf. two distinct receptors, a 55-60 kda (tnfri) and a 75-80 kDa (TNFRII), have been identified, and both are able to neutralize circulating tnf-α (44) .
Several studies have indicated that tnf-α is a critical pro-inflammatory cytotoxic cytokine and immunopathogenetic mediator in mS. increased expression of tnf-α has been shown to be associated with clinical activity in rr-mS and the development of chronic progressive disease. tnf-α induces a wide variety of responses including apoptotic cell death, enhanced ischemic and excitotoxic injury in neurons, but also neuroprotection (45) . the co-existence of neurotoxic and neuroprotective effects of tnf-α may be partially explained by two different signaling pathways mediated by the two cellsurface receptors, tnfri and tnfrii. In vivo studies have demonstrated that TNFRI mainly mediates CNS inflammation and demyelination, whereas tnfrii enhances remyelination. Both receptors have also been shown to exist in soluble forms and are thereby able to neutralize circulating tnf-α. Serum and cSf concentration of the soluble forms of both receptors have been shown to correlate with the clinical activity in mS patients. These findings have encouraged researchers to investigate genetic variants of the tnfrii gene and its association with the susceptibility to and clinical progression of mS (44) .
the interindividual variation in the capacity to produce tnf-α may be caused by differences in either transcription rate, the regulation of mRNA stability, translation efficiency or processing of the mature protein. Polymorphisms in the genes encoding proteins that regulate this process may cause differences in tnf-α production. different polymorphisms have been described in the promoter tnf-α gene, such as the SnP at position -308 of the tnf-α promoter, which consists of a substitution of a G (tnf1 allele, more common) to an a (tnf2 allele, less common) (46, 47) . the tnf2 allele has been associated with higher constitutive and inducible levels of tnf gene transcription as compared to the wild-type genotype. it has been also shown that this SnP is associated with increased tnf-α production in in vitro stimulation. therefore, this genetic variation may result in altered tnf-α expression and thereby affects the susceptibility and clinical severity of inflammatory diseases (47) . However, contradictory results have also been reported. in one study, the tnf2 allele did not correlate with the increased number of tnf-α expressing cells, indicating that the consistently observed increase of tnf-α production in mS by a variety of assays is better explained by the number of tnf-α expressing cells, than by a functionally relevant promoter polymorphism (48) . a study carried out in the netherlands examined tnf-α levels and the distribution of the polymorphisms -308, -238 and -376 in the promoter of the tnf-α gene. increased tnf-α levels in the cSf were detected in patients with active mS compared to healthy individuals. in mS patients, the level of tnf-α produced by peripheral blood mononuclear cells was correlated with the extent of neurological deterioration and disability. therefore, the distribution of -238 and -308 polymorphisms were tested in two different groups of mS patients. in mS patients with severe neurological disability that needed hospitalization, the -238a allele was not detected. in mS outpatients, the frequency of the -238G allele was higher, but not significantly different from the controls. The -308 genotypes were not differently distributed in patients compared to controls both in the first and the second group of MS patients, suggesting that the -238 G→a transition polymorphism in the tnf-α promoter is less common in mS patients with neurological damage. it may be possible that the -238a allele is protective against damage in mS, while it is not associated with differences in susceptibility (46) . another study showed no significant differences in the TNF-α -238 and -308 promoter polymorphisms evaluated in french mS patients and in healthy individuals (49) .
the exon 3 variant of the tnf-β or lta gene leads to a substitution at amino acid position 26 (aspartate to threonine), and correlates with a reduced level of tnf-β production. another tnf-β gene polymorphism identified by restriction fragment length polymorphism (rflP) using the restriction enzyme Ncoi (named the ncoi tnf-β polymorphism) resides within intron 1, has been described as being correlated with the exon 3 polymorphism and affects tnf-β gene expression levels (50) . the combination of these allelic forms may lead to different levels of cytokine production in response to various physiological and pathological stimuli and in turn may result in a predisposition to the development of mS or a different clinical status of mS (23) . the association of tnf-α and tnf-β allelic polymorphism frequency with the occurrence and clinical type and severity of mS was evaluated in a Polish caucasian population. Both point mutations (-308 promoter of tnf-α gene and exon 3 tnf-β gene) seem to be inherited independently, since no difference was found between the number of the combined allelic types and the expected number calculated by the multiplication of the separated frequencies for tnf-α and tnf-β alleles in both control and mS patients. the frequency of the -308 G→a mutation in the tnf-α promoter region in normal controls was 15.0% and 24.0% in mS. for the tnf-β gene the exon 3 polymorphism allele a was detected in 36.0% of controls and 34.0% of mS patients. in mS, the combined genotype tnf-α G and tnf-β c+c was present six times more frequently (12.0%) than in controls (2.0%), and the patients with this genotype showed the highest edSS scores. other combinations did not show a difference between the mS and non-mS groups. Both mutations are related with higher cytokine production; however, no statistical difference was observed between tnf-α and tnf-β levels (23) .
in a different study the tnf-α -308 polymorphism was evaluated in 283 mS patients from Germany, in 72 patients with amyotrophic lateral sclerosis (alS) and 66 patients with stroke, all of them from the same genetic background who served as controls. Disease severity was defined by the progression index and by the edSS. of the 283 mS patients, 67.0% were homozygous for the tnf1 allele, 28.0% were heterozygous for the tnf2 allele, and 3.0% were homozygous for the tnf2 allele. no significant differences were found between the tnf2 allelic frequency in the group of patients with mS, alS and stroke. in a subgroup of 87 mS patients with stable disease, 30.0% with the tnf2 allele and 70% without tnf2 allele, a quantitative polymerase chain reaction (Pcr) was performed to determine tnf-α mrna baseline levels and the results did not show an association between the presence of the tnf2 allele and the clinical course of mS. the investigators concluded that the tnf2 allele, as a genetic marker, itself, does not significantly contribute to the severity of mS. they suggested that primary factors other than variations in the tnf-α promoter region could contribute to mS susceptibility and disease progression. nevertheless, functional differences in the -308 polymorphism were demonstrated because increased tnf-α mrna levels were detected in patients carrying the tnf2 allele. there is no doubt that tnf-α is found in mS lesions, up-regulated prior to relapses, and can cause oligodendrocyte damage and demyelination. However, increased basal production of this cytokine, associated with the tnf2 allele, may not be relevant for disease susceptibility or progression (47) . a significant correlation was also found between mS susceptibility and the tnf-α -376 promoter polymorphism, when it was evaluated in 238 mS patients and in 324 control subjects from Spain. this association was independent of the Hla class ii association and the combined inheritance of Hla-drB1 * 1501 and the tnf-α -376a allele more than additively increased the susceptibility to mS (51) .
the tnf-α -308 polymorphism, in which the rare tnf2 allele is associated with high tnf-α production, was also evaluated in 143 unrelated Serbian patients with mS and 123 ethnically matched, healthy individuals using allele-specific rflP-Pcr. the frequency of the tnf2 allele was significantly decreased in mS patients (14.0%) in comparison to the controls (24.0%, P=0.044). However, the tnf2 allele had no influence on disease behavior, since it was not associated with the course and severity of mS in this group of patients, suggesting that in the Serbian population, polymorphism at position -308 of tnf-α or at an adjacent locus may have a role in mS susceptibility (52) .
an association between the tnf-α 376a promoter polymorphism and the susceptibility to mS was found in the Spanish population, but not in other populations. two distinct datasets of patients and control subjects were enrolled to confirm this result suggesting that this association is specific to the Spanish white (or related) population or, alternatively, that only studies in this population have adequate statistical power because of the higher frequency of an extended, conserved haplotype carrying the tnf-α 376a allele (53) .
Genetic association studies have been performed to evaluate the role of tnfri and tnfrii in mS. in one study, no association was found between microsatellite markers in the tnfri and tnfrii genes and mS (44) . another study, investigating polymorphisms in the tnfri gene in mS patients using rflP, found almost no genetic variation in the coding region and no association with disease course or severity (54) .
No significant differences were observed in the frequency of two polymorphisms from the tnfri gene (located in exon 1 and intron 6) evaluated in 94 jewish ashkenazi mS patients and 83 healthy Ashkenazi controls (55) . This finding suggests that genetic variants in tnfri do not play a significant role in ashkenazi jews. However, the size sample could limit the validity of the results obtained.
Polymorphic sites in exon 6 and and exon 10 of the tnfrii gene were evaluated in mS patients and controls. the detection of a SnP in exon 6, position 783 with a G→a substitution, evaluated in a caucasian population, resulted in a non-conserved amino acid substitution of a glutamic acid (GAA) for a lysine (AAA). Other SNPs were also confirmed in exon 6, position 676 with a t→G substitution, resulting in a substitution of a methionine for an arginine; on exon 10 with a G→a substitution; on exon 10 position 1668 with a t→G substitution and on exon 10 position 1690 with a t→c substitution, which result in no amino acid substitutions because they are located downstream of the stop codon. there were no significant differences in the allele frequencies and genotype distribution of SnPs in the TNFRII gene between mS patients and control, with the exception of one in exon 10, position 1668 with a t→G substitution polymorphism. in mS patients, 2.5% were positive for the 1668 * G allele, whereas 5.5% were positive in the healthy control group (P=0.019). Genotype analysis revealed that the lower frequency of the 1668 * G allele in mS patients was caused by an increased in the proportion of 1668 * t/t homozygous patients. However, the differences in the 1668 * t→G polymorphism between patients and control may indicate that tnfrii contributes to overall mS susceptibility. When rr-mS and SP-mS patients were compared to those with PP-mS, no difference in genotype and phenotype frequencies were found. the data also showed that there was no association between genotype and carrier status of any polymorphism and gender, age, age at onset, edSS, disease duration, and number of relapses in mS patients (56) .
Chemokines and their receptors genes. most chemokine genes are encoded in a cluster on chromosome 17q11.2-12, which has been identified in a number of genome-wide screens as being potentially associated with mS. the ccl5, ccl3 and ccl4 ligands use the same receptor ccr5 that has been implicated in the pathogenesis of mS. ccr5 is present mainly in cells of the immune system, such as macrophages and t lymphocytes and plays a major role in the migration of these cells to sites of inflammation. The gene encoding CCR5 is located in the p21.3 region of the human chromosome 3 forming a cluster with other chemokine receptor genes (57) . in previous reports, high levels of all of the ligands of ccr5 (ccl2, ccl3, ccl4 and ccl5), were detected in chronic active mS lesions (58) , underscoring the role of ccr5 in the pathogenesis of mS. it thus appears that the ccr5 genetic polymorphisms are of particular interest in mS.
the deletion of 32 base pairs in the ccr5 gene, named CCR5-∆32, results in a truncated protein and in failure to express the receptor on the cell surface. it was demonstrated that 15.0-20.0% of caucasian individuals were heterozygous for the CCR5-∆32 allele and 1.0% or less was homozygous for this variant allele (59) . further studies demonstrated that the CCR5-∆32 allele was present in ~10.0% of the European descendants, was rarely observed in asia and was virtually absent in the native population from sub-Saharan africa (57, (60) (61) (62) . A study of the allelic frequency of CCR5-∆32 in 18 european populations revealed an interesting north-south gradient, with the highest frequencies of the variant allele being observed in the finnish and modrvinian populations (16.0%) and the lowest in Sardinia (4.0%) (63).
Several studies investigating the role of the CCR5-∆32 polymorphism in mS have reported varied, often contradictory results. Whether the CCR5-∆32 allele could influence the inflammatory response in MS was evaluated in 68 patients with possible onset symptoms of mS and 80 patients with an attack of rr-mS. cd4 + t cell activation and commonly used measures of immune activation in mS such as intrathecal immunoglobulin synthesis, cSf leukocyte count, mmP-9 activity, and the cSf concentration of neopterin were measured. In this study, the homozygosity frequency for the CCR5-∆32 allele was comparable in mS patients and controls and the age, gender, edSS score, disease duration, and other variables evaluated did not differ in patients carrying the CCR5-∆32 and patients carrying the normal ccr5 alleles. However, data from a prospective 1-year follow-up study demonstrated that patients carrying the CCR5-∆32 had a lower risk of recurrent disease activity than the patients with normal ccr5 alleles, and the onset of chronic progression was only observed in patients with wild-type ccr5 alleles, suggesting that treatment targeting ccr5 inhibitors may attenuate disease activity in mS (64) .
the chromosome 3p21-24 region was examined in 125 mS families (322 total affected and 200 affected sib-pairs) and genetic analysis of ccr5 and ccr2B loci and two nearby markers (d3S1289 and d3S1300) was performed using both linkage-and association-based tests. the results showed no evidence of linkage to mS for any of the tested markers. affected relative-pair and sib-pair analysis, and association testing for each locus were also not significant. However, age of onset was approximately three years later in patients carrying the CCR5-∆32 deletion (P=0.018 after controlling for gender effects), suggesting that ccr5 expression may be associated with differential disease onset in a subset of mS patients, and may provide a therapeutic target to modulate inflammatory demyelination (65) .
The association between the CCR5-∆32 deletion and disease progression measured by clinical disability and mri parameters was evaluated in a population-based patient sample (n=70). Patients with the CCR5-∆32 allele showed a non-significant trend towards a small lesion burden (total lesion area/years duration), but the presence of this allele was not associated with a mild edSS/year duration. the data support the previous hypothesis of a modulation of severity in MS by the CCR5-∆32 genotype, which may result in less inflammation and tissue destruction (66) . However, due the limited number of patients enrolled, weak associations between this polymorphism and disease variables cannot be excluded. When 256 mS patients from israel were evaluated, the progression to disability was prolonged in mS patients carrying the CCR5-∆32 allele (homozygote and heterozygote genotypes for variant allele) compared with mS patients carrying the ccr5 wild-type genotype, suggesting that this variant allele may have favorable prognostic implications in mS (67) .
contradictory results have also been reported. a group of 120 unrelated australian rr-mS patients and 168 unrelated control subjects were screened for the CCR5-∆32 deletion. There was no significant difference in the allele frequency between the mS patients and the control group. the presence of two CCR5-∆32 homozygotes in the MS patients may indicate that the absence of ccr5 is not protective against mS and that ccr5 is not an essential component in mS, though this may be due to a redundancy in the chemokine system with different chemokine receptors substituting for ccr5 when it is absent (68) . a study evaluating dna isolated from postmortem brain tissue samples of 132 mS patients and from blood tissue samples of 163 gender and ethnicity-matched healthy controls was used to screen for the CCR5-∆32 allele (69) . An increased frequency of CCR5-∆32 was found to be associated with early death and with a progressive reduction in the years of survival. The death hazard ratio of CCR5-∆32 vs. the CCR5 allele was 2.12 (3.58 for female patients), suggesting that mS patients carrying the CCR5-∆32 allele have twice the mortality rate of patients with wild-type genotype. Conflicting data with previous studies showing an association between CCR5-∆32 carriage and a better prognosis of MS have been reported. No significant difference in the distribution of the CCR5-∆32 allele was observed between 331 rr/SP-mS patients and controls, between the 108 PP-mS patients and controls or between the PP-mS and rr/SP-mS groups. furthermore, no differences in the rate of disease progression were detected between carriers and non-carriers of the CCR5-∆32 allele. In the populationbased group of RR/SP-MS patients, carriage of the CCR5-∆32 polymorphism was associated with a lower age at disease onset (mean age 26.562 vs. 31.065 years). However, significant differences in the age of onset were also present in the PP-mS group or in a second RR-MS population, suggesting that the CCR5-∆32 polymorphism is not a major determinant of susceptibility to mS (70) .
in a study of the worldwide population, individuals who had the CCR5-∆32 allelic variant presented lower MS activity and severity (32) . The CCR5-∆32 polymorphism was evaluated in 221 mS patients, and revealed that 75.6% of them had the wild-type genotype, 23.5% were heterozygous and 0.9% was homozygous for the CCR5-∆32 allele. There was no association between the genotype or the presence of the CCR5-∆32 allele and the disease and its severity, age of onset of mS and gender. the frequency of genotypes observed in 94 patients with biopsy-derived, pathologically confirmed demyelinating disease was 81.9% wild-type, 16.0% heterozygous and 2.1% homozygous for the CCR5-∆32 allele, similar to the frequency distribution in the population-based sample. no association between the genotype or carrier status for CCR5-∆32 with the immunopathological classification of MS was observed. Although the results were not significant, the major differences in CCR5 expression in pattern ii compared with pattern iii mS lesion, may reflect differences in the pathogenic stimulus trigger and/ or inflammatory microenvironment, rather than a genetic effect related to the ccr5 gene (27) . this study suggests that ccr5 is unnecessary for the recruitment of cd4 + t cells or macrophages to the cnS in mS, but ccr5-induced lymphocyte activation may be transduced by this receptor. dependent ccr5 effector functions of mononuclear phagocytes may also be affected. this study has important pharmacogenomic implications considering that CCR5-∆32 may influence the response to treatment by leading to low ccr5 levels.
The association of the CCR5-∆32 allele with the risk of/or disease processes in croatian and Slovenian mS patients was evaluated. a total of 325 mS patients and 356 healthy controls were genotyped by PCR and the results showed no significant differences in the distribution of the CCR5-∆32 allele between the individuals, indicating that this allele does not influence susceptibility to mS. furthermore, the study found that the CCR5-∆32 carrier-status could not modulate age of disease onset or progression of the disease, suggesting that the ccr5-∆32 is neither protective, nor a risk factor, for MS development (71).
Cytotoxic T lymphocyte associated-4 (CTLA-4) gene. ctla-4
or cd152 gene is a strong candidate for involvement in autoimmune diseases because it plays an important role in the termination of t cell activation (72) . ctla-4 gene is located on chromosome 2q33 region and studies carried out in different ethnic groups have demonstrated several SnPs on this gene that have been associated with susceptibility to mS. Some of these SnP are on exon 1 (+49a→G), on a microsatellite marker at position 642 of exon 4, and on the promoter regions -318c→t and -651c→t of the ctla-4 gene (73) . interactions between ctla-4 and Hla-dr2 genes in the development of mS were also reported (74, 75) . the SnPs on position +49a→G, analyzed and on promoter regions -318c→t and -651c→t were analyzed in 133 mS patients from the japanese population and a statistical difference in the distribution of these SnPs between patients and control groups was not observed; however, the study suggested that the polymorphism may modulate the disease. Besides, an association between the ctla-4 polymorphisms and variables such as age, disease prognostic and Hla-drB1 * 1501 genotype was not observed. this study could not confirm that CTLA-4 gene polymorphisms are associated with susceptibility and clinical characteristics of mS (73) .
Apolipoprotein E gene (ApoE)
. the protein apolipoprotein e (apoe) has been the subject of considerable interest in mS (27) participating in repair processes within the cnS. a different clinical course of mS was associated with the presence of specific alleles. the neuroprotective effect of apoe is allele-specific (with ε2>ε3>ε4 allele) (76) . functional polymorphism of the apoe gene would then be expected to affect the long-term outcome. the presence of the apoe * ε4 allele or rather of the ε3/ε4 genotype (the ε4/ε4 genotype is rare) has been suggested as an unfavorable prognostic factor independent of age of onset, gender and duration of disease in different studies (77) (78) (79) (80) (81) (82) (83) . However, other studies have not confirmed these findings (84) (85) (86) . In most studies, individuals that carried the ε4 allele seemed to show faster progression of the disease, while others reported that there are neither changes in the distribution of apoe alleles in patients with mS nor correlation between apoe genotypes and disease severity (87) . the contradictory results may be explained, in part, by the fact that apoe may influence disease severity by modifying disease course, such as association with conversion to secondary progressive disease course, which may not reflect the overall accumulating disability when a small number of individuals is studied and PP-mS patients are also included. data have shown that carriers of the ε4 allele of the apoe gene had a significantly higher MRI lesion load than non-carriers (81) . although there was a trend for ε4 carriers to have worse clinical disease, the difference compared with non-carriers was not significant until the sample size was increased (from 83 to 374 individuals) (83) . the association between the apoe and mS progression measured by clinical disability and mri parameters was evaluated in a population-based patient sample (n=70). carriers of the apoe-ε4 alleles did not show a more severe disease progression, neither by edSS/years of duration nor by the total lesion area/years duration (66) . although the study was carried out on a genetically homogeneous danish population, the limited number of mS patients enrolled could interfere with the results obtained and the association between this gene and disease variables could not be excluded.
a study carried out in italy evaluating the -491 apoe polymorphism (a→t substitution) in 236 individuals diagnosed with MS for at least three years showed no significant difference in the genotypic distribution (P=0.36) between mS and control group. furthermore, no association was found between the apoe-ε4 allele and the progression of the disease. the study showed a slight association between the apoe-ε2 allele and a longer disease duration; patients with the ε3/ε2 the genotype showed longer disease duration when compared with patients with the genotype ε3/ε3 (13.5±7.6 vs. 10.8±7.1 years, respectively) or ε3/ε4 (10.3±5.8 years) (87) .
Genes associated with apoptosis. the fas molecule, also named apolipoprotein-1 (apo-1) or cd95, is a transmembrane glycoprotein apoptosis-signaling cell surface receptor belonging to the tnf receptor family. the fas molecule is expressed on the surface of many types of cells, including lymphocytes, epithelial cells, fibroblasts and certain endothelial cells. Both fas and fasl are expressed in activated mature t cells, and prolonged cell activation induces susceptibility to fas-mediated apoptosis.
the apo-1/fas gene is located on chromosomal region 10q24.1 that shows linkage in mS genome screens, and studies indicate that there is an aberrant expression of apo-1/fas molecule in mS. the mva1 polymorphism on the apo-1/fas promoter gene, which consists of an a→G substitution, was determined by Pcr-rflP from the dna of 114 japanese mS patients and of 121 healthy individuals. there was no statistical difference in the genotype and allelic frequencies among mS patients and controls showing no evidence that this polymorphism contributes to susceptibility to mS or that it is associated with the clinical course of the disease. Patients with the a/a genotype seem to have a later onset than those with G/G or G/a genotypes but this difference was not significant (88).
The TRAIL or Apo-2 ligand is a newly identified member of the tnf/nerve growth factor superfamily which has been mapped on human chromosome 3q26 (20) and is involved in cell death and some immunoregulatory mechanisms. the TRAIL gene is approximately 20 kb and is composed of five exons (89) . due to its implication in brain damage and the elevated expression in peripheral immune cells of mS patients, trail may play a central role in the pathology of this disease. a highly polymorphic region in the trail promoter with four SnPs within 11 base pairs was identified using single-strand conformation polymorphism analysis (90) . the polymorphisms are located at positions -707 (c→t), -665 (t→c), -621 (c→t) and -597 (a→G) of the wild-type sequence. the SnP at position -707 was found within an aP-1 binding site. the variant haplotype frequency in 125 healthy individuals was 0.4% (-707 c→t), 17.6% (-597 a→G), 6.8% (-621 c→t), 4.0% (-665 t→c) and 71.2% (wild-type). in 123 rr-mS patients, the frequency of the SnPs detected was 7.7% (-621 c→t), 4.1% (-665 t→c), 16.2% (-597 a→G) and 72.0% (wildtype). the -707 SnP was not detected in rr-mS patients. When 15 PP-mS patients were genotyped, the frequency observed of these SnPs was 3.3% (-665 t→c), 20.0% (-597 a→G) and 76.6% (wild-type). the SnPs -707 and -621 were not observed in PP-MS patients. No significant differences in the distribution of the genotypes were observed as to mean age at onset of the disease, disease progression (edSS increase per year), and gender ratio. the authors suggested that these SnPs in the trail promoter exert no impact on molecule expression, and are neither directly related to the increased risk of developing mS nor associated with a clinical course of this heterogeneous disease in German mS patients (90) .
MHC classes I and II genes. the most important genetic
factor of confirmed importance in MS has been identified in the Hla class ii region. evidence suggests that mS patients differ from control subjects in their mHc. initially association was observed between mS and mHc class i (91, 92) and later with mHc class ii regions (93) . an association between mS and Hla-a3, B7, dw2 haplotype in a north european population and a caucasian population from the uSa was observed (94); however, this association was not universal. combination of Hla-drB1 * 1501-dQa1 * 0102-dQB1 * 0602 (dr15) in northern europeans (86, 92, 95, 96) and -drB1 * 0301-dQa1 * 0505-dQB1 * 0301 (dr3) in southern europeans (97-99) was shown to increase the risk of mS 3-4 times. However, the data suggest that there may not be a single major susceptibility locus, and that genetic factors different than those related to the Hla region may also be involved (27, 93, 100) .
Susceptibility to mS was demonstrated, at first, with HLA-Dw2 and -DR2 specificities in Caucasian Europeans and north americans. further, with the use of genotype techniques, a positive association was demonstrated between mS and Hla-drB1 * 1501, -drB5 * 0101 and -dQa1 * 0602 genotypes in different ethnic groups worldwide (101) (102) (103) . the relationship between Hla genotypes and disease severity (measured by brain mri quantitative markers of demyelinating and destructive pathology in patients with mS) was evaluated in 100 mS patients and 122 age-, gender-, ethnic-and residence-matched controls (104) . Hla-dQB1 * 02 (or, 19.9; 95% ci, 16.2-24.3), -dQB1 * 03 (or, 16.8; 95% ci, 13.6-20.5), -drB1 * 15 (or, 4.6; 95% ci, 3.7-5.6), and -dfrB1 * 03 (or, 3.9; 95% ci, 3.2-4.8) alleles were associated with mS. When evaluated by intermediary determination methods, some Hla alleles may predict the destructive pathological processes visible on an mri; however, the severity of disease was not significantly different according to the carrier status of these alleles. When the genotyping was evaluated by a high determination method, in a study carried out in italian mS patients, the results demonstrated a strong association between the Hla-drB1 * 1501, -dQB1 * 0301, -dQB1 * 0302, -dQB1 * 0602 and -dQB1 * 0603 alleles and severe neurodegenerative and inflammatory damages obtained by MRI (105) .
a negative association with Hla-dr1, Hla-dQ5 and -drB1 * 01 was demonstrated in north and West european, canary island and italian populations (98, (106) (107) (108) . Hla-dr2 was associated with susceptibility to mS in most of the Western hemisphere, while Hla-dr3 and -dr4 were associated with susceptibility to mS in Sardinia, italy (109). another study demonstrated that in the Sardinian population, mS was associated with Hla-dr4 (98) and, in individuals from latin America (Mexico), was identified a relationship with HLA-DRw6 and the subtype drw13 (110) .
A significantly higher frequency of HLA-DRB1 * 1501 was observed in 133 japanese mS patients (or, 2.29; 95% ci, 1.32-3.98) than in healthy controls (73) . an association between Hla-drB1 * 1501, -dQa1 * 0102, -dQB1 * 0602 haplotypes with clinical form, disease duration and disability, evaluated with edSS, was observed in iranian mS patients (111) . However, the authors discussed that patient enrollment from different parts of the country with varied ethnicities may be a limiting factor for the results.
T-cell receptor (TCR) gene. the Hla-drB1
* and tcr polymorphisms were evaluated in 358 clinically well-characterized mS patients from Germany, grouped according to the course of mS, and in 395 healthy subjects. the relative risk for mS in Hla-drB1 * 
15
+ and -drB1 * 03 + individuals were 3.6 and 1.4, respectively. in mS patients, certain tcrB gene polymorphisms were risk factors. in Hla-drB1 * 03 + individuals, the relative risk was increased (>22.0) when a specific TCRBV6S3 allele was also inherited. furthermore, distinct linkage disequilibria of tcrBV6S3 elements in patients and control subjects strongly suggest an additional risk factor in the tcrBV region for -drB1 * 
+ individuals (112).
Genetic polymorphism and MS in the Brazilian population
Brazilians represent one of the most genetically heterogeneous population in the world, the result of five centuries of interethnic crosses between people from three continents including the european colonizers, represented mainly by Portuguese; african slaves (mainly from West-central africa); and the native amerindians (113, 114) . the present Brazilian population includes europeans from southern europe (Portuguese and italian) and middle easterners, asians, arabians, africans and native amerindians (115) (116) (117) . this extensive ethnic miscegenation has suggested that other alleles may be involved in the autoimmune response and pathogenesis of mS and thus, influences the susceptibility and resistance to MS.
Cytokines and their receptor genes. Studies using tissue lesions obtained from mS patients showed an association between numerous cytokines with CNS inflammation. A change from the cd4 + th1 phenotype to the cd4 + th2 pattern response, which is observed during remission of the disease, may result in a decreased immune response with anti-inflammatory or regulatory cytokine production, such as il-4 and il-10. the il-4 gene has mono and biallelic expression and is located on 5q31-33 chromosome that codes cytokines from the th2 pattern response. Polymorphism in the cytokine regulatory genes can influence the amount of cytokine produced. A SNP at the il-4 gene, region +33 that results in a substitution of c→t, increases this cytokine production. the clinical symptoms that are found in mS can be correlated with the expression of il-4 and the il-4r. a research carried out in rio de janeiro, Brazil, with 129 mS patients and 135 healthy individuals, showed no significant differences in the genotypic and allelic frequency of the il-4 promoter gene polymorphism and for the Q551r polymorphism in the il-4r gene. nevertheless, the SnP +33 genotyping showed a slight decrease in the tt genotype (4.6% in mS patients vs. 6.7% in control subjects) and a slight increase in the ct genotype in mS patients (41.1% in mS patients vs. 37.4% in control subjects). likewise, mS patients showed a higher percentage (12.5%) of the cc allele of the Q551r polymorphism on the il-4r gene than controls (8.1%). When ethnicity was considered, Black mS patients had seven times higher chance to carry the tt allele of the il-4 gene when compared to caucasian patients (9.1 vs. 1.3%).
in the control group, differences were not found. Similarly, Black mS patients showed a 3-fold greater chance to carry the cc allele of the il-4r gene when compared to caucasian patients (20.0 vs. 6.8%); also no difference was found in the controls. these results suggest that il-4 and il-4r genotypes may influence the state of MS in the Brazilian population. The increased percentage of the tt allele of the il-4 gene and the cc allele of il-4r gene in subjects african descent suggest an adaptation of african descendants to different antigenic and pathogenic challenges that influence cytokine equilibrium of the th1 and th2 responses. the data showed that both il-4 and il-4r genes are susceptibility factors to mS and may be able to modify the disease risk depending on the ethnicity and penetrance of susceptibility factors (118) .
Chemokines and their receptor genes. the frequency of the CCR5-∆32 allele was assessed in unrelated healthy individuals from different regions of Brazil. the frequencies of ccr5 homozygous (wild-type) and CCR5-∆32 heterozygous individuals were 93.0 and 7.0%, respectively. no homozygous genotype for the CCR5-∆32 allele was detected, resulting in an allelic frequency of 0.035 (119) . The prevalence of CCR5-∆32 was investigated in a random sample of healthy individuals from alegrete, in southern Brazil, where the population was basically established from a mixture of Spanish, Portuguese and African individuals and native Amerindians. No CCR5-∆32 homozygous genotype was detected and the presence of the ccr5 wild-type genotype among whites, blacks and mulattos was 14.0, 8.0 and 13.0%, respectively, indicating a CCR5-∆32 allele frequency of 0.068, 0.038 and 0.064, respectively (113) .
The association between the CCR5-∆32 allele with the clinical course and mri was analyzed in 124 unrelated mS outpatients (evaluated by the edSS for the disease severity), and in 127 unrelated healthy blood donors from a similar geographical area, located in londrina, southern Brazil (15) . The frequency of the CCR5 wild-type and CCR5-∆32 heterozygous genotypes was 90.4 and 9.6%, respectively, in mS patients. No homozygosity for the CCR5-∆32 was found, resulting in an overall CCR5-∆32 frequency of 0.0484 among the patients. the frequencies among healthy individuals was 90.5% for the CCR5 wild-type, 7.9% for the CCR5-∆32 heterozygous and 1.6% form the CCR5-∆32 homozygous genotypes, resulting in an overall frequency of CCR5-∆32 of 0.0055 among healthy controls. No significant difference was observed in the distribution of genotypes between mS patients and healthy subjects. an association between the ccr5 gene polymorphism and the clinical course of mS was also not found. Despite the fact that the differences were not significant, the results suggest that the disease onset and progression to disability may be prolonged in MS carriers of the CCR5-∆32 allele, when compared with individuals with fully functional CCR5, by 11.2 and 7.7 years respectively. MRIs identified lower positive gadolinium enhancing-imaging at brain lesions and lower brain atrophy n MS patients with the CCR5-∆32 allele than in those with the wild-type genotype. taken together, the results suggest that CCR5-∆32 could be considered a favorable prognostic biomarker of mS in this population.
MHC class II genes. the evaluation of the Hla-drB gene in a Brazilian population has a particular interest in showing the behavior of the Hla-drB1 allele in a heterogeneous population placed in an environment of low prevalence of mS. Studies carried out in Brazilian patients with an african descent, showed a association between mS and Hla-dQB1 * 0602, in agreement to others studies, even without the presence of the -drB1 * 1501 allele (120) . a positive association between the mS and -dQB1 * 0602, and -dQa1 * 0102 alleles was also found (121) . the low frequency of the -dPa1 * 0301 allele observed indicated a protective role for mS. However, another study showed that the immune response seems not to be solely influenced by the expression of HLA-QB1 * 060 allele, because statistical significance was not observed between this allele and mS patients and control groups (122) . as demonstrated from other researchers the Hla-dQa1 * 0201-0301 alleles were associated with the white Brazilian population; the -drB1 * 1501 allele was present in white Brazilians and confers an ethnicity-dependent mS susceptibility in white mS patients; the -dQB1 * 0602 allele confers genetic susceptibility regardless of ethnicity (123) . an association between the Hla-drB1 * 1501 and -drB1 * 1503 alleles and mS white and mulatto individuals from the Brazilian population was also observed (124) .
the association between the Hla-drB1 * 15 allele and mS was evaluated in a Brazilian caucasian population sample from londrina, southern Brazil (125) . Hla-drB1 alleles were analyzed by PCR with specific sequence oligonucleotide primers (Pcr-SSoP) in 119 mS patients and in 305 healthy blood donors as controls. the Hla-drB1 * 15 allele was identified as a significant susceptibility factor for MS development (or, 2.53; 95% ci, 1.43-4.46) and the Hla-drB1 * 11 allele with a trend significant to be a susceptibility factor for MS development (or, 0.67; 95% ci, 0.44-1.03). it was observed that, for the -drB1 * 11 allele, homozygocity may confer resistance in disease development. the homozygous for the -drB1 * 15 allele did not present any effect in mS susceptibility, probably because of the limited number of homozygous patients for this allele evaluated in the study. in a study comparing the heterozygous pairs between controls and mS patients, represented by -drB1 * 15/X, where X represents others alleles in combination with the 15 allele, a significant difference in the occurrence of heterozygous pairs -drB1 * 15/03 and -drB1 * 15/14, was verified, suggesting that this heterozygocity is associated with increased susceptibility to mS. a study carried out among patients from lagoa Hospital, Rio de Janeiro, identified a role for the HLA-DR2 haplotypes (Hla-drB1 * 1501 and -dQB1 * 0602) in PP-mS patients. the disease was more severe in patients with the -drB1 * 1501 haplotype, underscoring the importance of this genetic factor in the heterogeneity and clinical course of mS (126).
Final considerations
mS is a complex disease and its development and clinical course are not only related to individual genetic predisposition, but also dependent on a number of other factors, such as environmental, geographical and individual immune responses against certain infectious agents. the detection of a SnP involved in the etiology and physiopathology is very difficult and probably, several genetic polymorphisms are involved, each with a small contribution to the susceptibility or resistance to mS. considerable attention has been devoted to studies evaluating disease modifying effects in mS. Seven genes of probable importance have thus been identified: HLA class II, apoe, il-1ra, il-1β, tnf-α, tnf-β (or lta) and ccr5. the variant alleles may contribute to the heterogeneity in disease course by different mechanisms (27) . However, the results described in the literature about genetic biomarkers of mS are not consistent in the worldwide population. all of the data reviewed in the present study have been obtained in population association studies. although this design is the easiest to conduct, the results are confounded by ethnic differences. family-based association methods matching for ethnicity and sufficient confirmation in other data sets can circumvent this problem. all the results together show the need for continued research in the genetically heterogeneous populations. collaborations between investigators are essential to identify new biomarkers associated with mS that could be used as therapeutic targets to modulate the autoimmune response in mS patients. this information may contribute to a better understanding of the physiopathology and treatment of mS, with the possibility of developing different therapeutic strategies according to the genetic profile of each individual.
